Background: Axitinib, an antiangiogenic multikinase inhibitor (MKI), was evaluated in the compassionate use programme (CUP) in Spain (October 2012-November 2014. Subjects and Methods: 47 patients with advanced radioactive iodine (RAI)-refractory differentiated thyroid cancer (DTC, n = 34) or medullary thyroid cancer (MTC, n = 13) with documented disease progression were treated with axitinib 5 mg b.i.d. The primary efficacy endpoint was objective response rate (ORR) by Response Evaluation Criteria In Solid Tumors (RECIST) v1.1. Progression-free survival (PFS) and adverse events (AEs) were secondary objectives. Regulatory authorities validated the CUP, and all patients signed informed consent form. Results: Axitinib was administered as first-line therapy in 17 patients (36.2%), as second-line in 18 patients (38.3%) and as third/fourth-line in 12 patients (25.5%). With a median follow-up of 11.5 months (0-24.3), ORR was 27.7% (DTC: 29.4% and MTC: 23.1%) and median PFS was 8.1 months (95% CI: 4.1-12.2) (DTC: 7.4 months (95% CI: 3.1-11.8) and MTC: 9.4 months (95% CI: 4.8-13.9)). Better outcomes were reported with first-line axitinib, with an ORR of 53% and a median PFS of 13.6 months compared with 16.7% and 10.6 months as second-line treatment. Twelve (25.5%) patients required dose reduction to 3 mg b.i.d. All-grade AEs included asthenia (53.2%), diarrhoea (36.2%), hypertension (31.9%) and mucositis (29.8%); grade 3/4 AEs included anorexia (6.4%), diarrhoea (4.3%) and cardiac toxicity (4.3%). Conclusion: Axitinib had a tolerable safety profile and clinically meaningful activity in refractory and progressive thyroid cancer regardless of histology as first-line therapy. To our knowledge, this is the first time that cross-resistance between MKIs is suggested in thyroid cancer, highlighting the importance of prospective sequential clinical studies.
Implications for practice
Antiangiogenic multikinase inhibitors (MKIs) are frequently used to treat radioactive iodine (RAI)-refractory differentiated thyroid cancer (DTC) or medullary thyroid cancer (MTC) refractory to standard surgery or locoregional therapies. Axitinib, an antiangiogenic MKI, was tolerable and provided promising clinical efficacy to patients with refractory and progressive thyroid cancer regardless of tumour histology (DTC or MTC). Better outcomes were reported when axitinib was administered as a first-line treatment, suggesting cross-resistance between MKIs in thyroid cancer and highlighting the importance of prospective sequential clinical studies (Table 1 ).
Learning objectives:
• Delineate the efficacy and safety profile of the MKI axitinib in patients with refractory thyroid cancer.
• Recognize the potential for improved clinical outcomes when patients with refractory thyroid cancer receive first-line MKI axitinib.
• Understand the possibility of cross-resistance between MKIs in thyroid cancer.
Introduction
Thyroid cancer was diagnosed in approximately 298,000 individuals worldwide and resulted in about 40 000 deaths in 2012 (1) . In Europe there were 63 000 cases of thyroid cancer with 7500 deaths. The main types of thyroid carcinoma by histology are differentiated thyroid carcinoma (DTC), medullary thyroid carcinoma (MTC) and anaplastic thyroid carcinoma (ATC), with DTC being the most frequent. Thyroid tumours have elevated levels of vascular endothelial growth factor (VEGF) and increased angiogenic processes (2) . Several multikinase inhibitors (MKIs) targeting the VEGF pathway have shown significant efficacy in advanced and refractory thyroid cancer, corroborating that targeting angiogenesis is an appropriate therapeutic strategy in these tumours. Approved therapeutic agents include cabozantinib and vandetanib for progressive or symptomatic unresectable MTC, and sorafenib and lenvatinib for radioactive iodine (RAI)-refractory DTC. Current treatment guidelines recommend antiangiogenic MKIs for the treatment of patients with metastatic DTC refractory to RAI therapy and locally recurrent or unresectable metastatic MTC (3, 4, 5) .
Axitinib is an oral, potent and selective MKI of VEGF receptors (VEGFRs) 1, 2 and 3. This drug is currently approved for the treatment of advanced renal cell carcinoma (RCC) after failure of prior systemic therapy (sunitinib or cytokine) and also has been tested as second-line therapy in hepatocellular carcinoma and non-small cell lung cancer (6, 7, 8) . Two phase II studies evaluating the efficacy and safety of axitinib in patients with advanced thyroid cancer, who had not previously received treatment with antiangiogenic agents, previously showed that axitinib was active, well tolerated and reported an investigator-assessed overall response rate (ORR) of 30%-38% and a median PFS of 15.0-18.1 months (9, 10, 11). The safety profile of axitinib was manageable, with diarrhoea, fatigue, nausea, hypertension, weight decrease and hand-foot syndrome being the most frequently reported adverse events (AEs).
We report the analysis of patients with advanced RAIrefractory DTC and locally advanced or metastatic MTC treated in Spain within a compassionate use programme (CUP) of axitinib. The study was conducted within the Spanish Task Force for Orphan and Infrequent Tumours (GETHI, Grupo Español de Tumores Huérfanos e Infrecuentes).
Subjects and methods

Design and patient population
This was a retrospective longitudinal study of patients included in the Spanish CUP of axitinib for metastatic (12) . The efficacy analyses were performed on the intentto-treat (ITT) population, which included all patients included in the CUP. The secondary endpoints included safety profile, progression-free survival (PFS) defined from the time from inclusion into the CUP until an event of disease progression as determined by the investigator or death, and overall survival (OS) defined from the time from inclusion into the CUP until death. Biomarker analyses were carried out for thyroglobulin, CEA and calcitonin, and their correlation between efficacy and tumour marker levels: thyroglobulin for DTC, and calcitonin and CEA for MTC. A patient was considered to be a responder by biomarkers if there was a reduction of at least 30% from the baseline levels of the biomarker. The biomarker analyses were carried out in the population that had biomarker information available.
Statistical analysis
Summary statistics are presented for all variables. Efficacy was assessed on the basis of investigator-assessed tumour response. Patients with unavailable response assessments were considered 'Not evaluable/missing', and for the purposes of calculating ORR they were considered nonresponders (12) . Log rank of Kaplan-Meier survival estimates was used to obtain estimates of median PFS and OS, with corresponding 2-sided 95% CIs and χ 2 distribution used for the correlation between tumour markers and efficacy. The level of statistical significance was established at P < 0.05. Statistical analyses were undertaken with the statistical software SPSS version 17.0 or higher.
Results
Patient population
Forty-seven patients from 16 centres in Spain received axitinib via the CUP and were included in this retrospective analysis. The mean age of the patients was 62 ± 11 years when starting treatment with axitinib. The median time between diagnosis and starting treatment with axitinib was 4.7 (range: 0-32.5) years. As of May 2015, 12 patients are continuing treatment with axitinib, 34 patients discontinued treatment due to disease progression and in one patient axitinib was stopped due to a Grade 4 AE. Thirty-four (72%) patients had DTC and 13 (28%) had MTC histology ( Table 2 ). The most frequent sites of metastasis were lungs, lymph nodes (both unresectable lymphadenopathies in the neck and distant lymph node metastases) and bones. Lung metastatic disease was significantly more frequent in patients with DTC (74%) compared with patients with MTC (23%); P = 0.003. The baseline patient characteristics and previous treatments are shown in Table 2 .
Treatment
Median treatment with axitinib was 7.1 (range: 0-24.3) months. In patients with DTC the median treatment duration was 8.1 (range: 0-22.4) months, and in patients with MTC it was 6.9 (range: 0-24.3) months. Overall, axitinib was first-line treatment for 17 (36%) patients, second-line treatment for 18 (38%) patients, third-line treatment for 10 (21%) patients and fourthline treatment for 2 (4%) patients. There were 12 (25.5%) patients who had a dose reduction of axitinib from the 5 mg b.i.d. starting dose to 3 mg b.i.d (7 of these patients had DTC and 5 had MTC). Only in one patient the dose was increased from 5 mg b.i.d. to 7 mg b.i.d., with no radiological response and no additional side effects.
Efficacy
Overall, 38 of the 47 patients had data on radiologic response, but all 47 patients were included in the ITT analyses. Two (4%) patients had a complete response as best radiologic response to treatment (Table 3) . A partial response was reported in 11 (23%) patients, stable disease in 13 (28%) patients and progressive disease in 12 patients (26%). The ORR and disease control rate (DCR = complete response + partial response + stable disease as best response by RECIST v1.1 criteria) were 28% and 55% respectively. The results were comparable in both the DTC and MTC patient populations. When response rate was analysed according to the line of treatment, a better outcome was observed in patients who received axitinib as first-line treatment, with an ORR of 53% compared with a 17% in patients who received axitinib as second-line treatment after progression to a previous MKI (Table 4) . Similarly, DCR was reported in 82% of patients receiving firstline treatment and in 50% of patients receiving secondline treatment.
Median PFS of the ITT population was 8.1 months (95% CI: 4.1-12.2) (Fig. 1) , with a 7.4 month (95% CI: 3.1-11.8) median PFS in patients with DTC and 9.4 months (95% CI: 4.8-13.9) in patients with MTC. Similarly, median PFS was significantly better in patients who had received fewer prior lines of treatment. Therefore the PFS was 13.6 months (95% CI: 8.5-18.6) in patients who received axitinib as first-line, 10.6 months (95% CI: 6.8-14.3) in second-line and 3.6 months (95% CI: 2.0-5.2) in third-line treatment. No statistically significant differences were observed regarding histology and treatment benefit in function of treatment line (P = 0.331).
The median OS was 19.7 months (95% CI: 16.6-22.8) in the overall population and was comparable in the DTC (20.7 months (95% CI: 16.5-24.9)) and MTC (18.9 months (95% CI: 18.4-19.4)) populations. A significantly improved median OS was also observed in patients with fewer lines of previous treatment; indeed median OS had only been reached in patients receiving third-line treatment (6.4 months).
Biomarker analyses
Thyroglobulin levels were available in 22 of the 34 patients with DTC, with a response in 15 patients (68%). Thyroglobulin was included in the analysis when anti-thyroglobulin antibodies were not present. No analysis of variations in anti-thyroglobulin antibodies was performed due to the low number of cases. CEA and calcitonin expression were available in 10 patients with MTC; there was a CEA biomarker response in 5 patients (50%) and a calcitonin biomarker response in 7 patients (70%). The Kappa index correlation observed between >30% biomarker reduction and ORR/DCR was 0.05/0.68 for thyroglobulin in patients with DTC, 0.14/0.05 for CEA and calcitonin in patients with MTC. Therefore no statistically significant correlation was observed between radiological and biological response.
Safety
The most frequently reported AEs were asthenia (53% (n = 25)), diarrhoea (36% (n = 17)), hypertension (32% (n = 15)) and mucositis (30% (n = 14)) ( Table 5 ). The frequency and type of AE were comparable in the DTC and MTC populations. The majority of the AEs reported were of Grade 1 or 2, with few Grade 3 AEs reported. There was only 1 Grade 4 AE reported, a cardiac toxicity in a patient with DTC. The cardiac toxicity was an acute myocardial Table 3 Best response rate to axitinib in patients with advanced thyroid cancer.
Patients with DTC (n = 34)
Patients with MTC (n = 13) All patients (n = 47) *The two complete responses were observed in two patients with papillary thyroid cancer with lung and lymph node metastases. Both patients were followed by CT scans and maintained complete response at the time of data analysis. In both cases, tumour burden can be considered low-medium, with lung and lymph node metastases up to 2-3 cm of maximum diameter. DTC, differentiated thyroid cancer; MTC, medullary thyroid cancer. Table 4 Best response rate to axitinib in patients with advanced thyroid cancer according to the line of treatment. infarction and ventricular systolic dysfunction, recovered after specific therapy and drug discontinuation.
Discussion
We have evaluated the clinical use of axitinib either in treatment-naive or MKI-pretreated patients with advanced thyroid cancer of DTC or MTC histology in the setting of a CUP and showed that first-line axitinib has activity with a promising ORR, DCR and PFS, as well as a manageable safety profile. Comparing clinical trial results in thyroid cancer with observations made in a CUP is difficult but may provide information on the efficacy and toxicity of axitinib outside the trial setting.
The overall efficacy results obtained in the setting of a CUP were comparable to what has been reported in clinical trials with axitinib. Two phase II studies have evaluated axitinib in patients with advanced DTC or MTC. In one phase II study in 60 patients with all histological subtypes of advanced thyroid cancer in which iodine-131 failed to control the disease or was not the appropriate therapy, axitinib 5 mg b.i.d. showed an investigator-assessed ORR of 30% (95% CI: 18.9-43.2%) and median PFS of 18.1 months (95% CI: 12.1 to not estimable) (7). Long-term outcomes reported an ORR of 38% and DCR of 68%. After an estimated median follow-up of 34 months, median PFS and OS were 15 months and 35 months respectively (8) . In a second phase II study, axitinib administration of 5 mg b.i.d. for a median duration of 12.9 months in 52 patients with metastatic or unresectable, locally advanced RAI-refractory DTC or MTC resulted in an ORR of 35% (95% CI: 22-49%), a median PFS of 16.1 months (95% CI: 14.6-21.8 months) and median OS of 27.2 months (95% CI: 14.6-40.1 months), with a greater axitinib exposure correlating with a longer median PFS (9) . Importantly, quality of life was maintained during treatment with axitinib and no significant deterioration in symptoms or interference in daily life caused by symptoms was reported.
Interestingly, when considering only the results from patients who received axitinib as first-line treatment, the ORR (53%) and DCR (82%) were higher in the CUP compared with the phase II clinical studies (ORR 38% and DCR 68%), albeit a lower median PFS (13.6 months in the CUP vs 18.1 months). Efficacy outcomes of axitinib in the CUP significantly decreased when patients had received prior MKIs. To our knowledge this is the first time that resistance to sequential antiangiogenic MKI therapy in advanced thyroid cancer is suggested. This hypothesis has not been reported with other MKIs in clinical trials (13, 14, 15, 16, 17) or in clinical practice (18, 19) . Furthermore, the pivotal phase III study of axitinib in RCC also showed in the subgroup analyses that PFS was significantly shorter in those patients treated with axitinib after progression to sunitinib compared with those who received axitinib after progression to cytokines (20) . The different spectrum of MKI activity could explain how these drugs are active in different treatment lines (Fig. 2) (3) . Axitinib is one of the best VEGFR inhibitors in clinical development regarding IC 50 values of inhibition of VEGFR1-3, even at a below nanomolar level. However axitinib has no additional inhibition of interesting targets in thyroid cancer, such as the translocation of the rearranged during transfection tyrosine kinase receptor in papillary thyroid cancer (RET/PTC), BRAF, c-MET, epidermal growth factor receptor (EGFR) or fibroblast growth factor receptors (FGFR1-4). The approved MKIs for refractory thyroid cancer have this additional activity to other targets that could revert the resistance to antiangiogenesis inhibition and could work after progression to a prior MKI, clearly shown for cabozantinib and lenvatinib in their phase III studies. The lack of these additional effects could be behind the resistance observed with axitinib after progression to other MKIs in thyroid cancer. In our analysis, axitinib was generally well tolerated with a safety profile according to what was expected from previous clinical trials. Most common AEs of axitinib were mild to moderate in severity. They included diarrhoea, hypertension, fatigue, dysphonia, nausea, decreased appetite and hand-foot syndrome (6) . Most AEs are manageable with symptomatic treatment and dose reductions. Approximately one-quarter of the patients underwent a dose reduction to manage toxicity, and one patient required treatment discontinuation due to a Grade 4 cardiac toxicity. In a phase II study of axitinib in thyroid cancer, 40% of the patients had a dose reduction and four treatment-related AEs led to permanent axitinib discontinuation. The overall safety profile reported in this study is consistent with what had been previously reported in patients with metastatic RCC, and clinical study data confirm a toxicity profile comparable to that of other agents in the class (21) .
We acknowledge that our study has important weaknesses, considering the retrospective design and the characteristic limitations derived from a CUP such as the heterogeneity in patients and disease characteristics, the local investigator-assessed efficacy, and the worse performance status of patients who qualify for a CUP compared with those included in clinical trials. Furthermore, it is impossible to draw definitive conclusions on the activity of axitinib in patients with metastatic thyroid cancer; however our results provide further support for evaluation of axitinib in prospective, randomized clinical trials. There was an encouraging clinical benefit when administrating axitinib in firstline therapy that progressively decreased in successive treatment lines, conditioning the design of future sequential clinical trials.
As noted earlier, cabozantinib and vandetanib are approved for unresectable MTC, and sorafenib and lenvatinib for RAI-refractory DTC. The ORR and median PFS in the phase III studies leading to regulatory approval was 28% and 11.2 months in the cabozantinib arm in the EXAM trial (15) and 45% and 30.5 months in the vandetanib arm in the ZETA trial (22) in patients with MTC. In patients with DTC, the ORR was 12.2% and the median PFS was 10.8 months in the sorafenib arm in the DECISION trial (23) and 64.8% and 18.3 months in the lenvatinib arm in the SELECT trial (17) , with 65.6% and 18.7 months in patients receiving first-line lenvatinib.
In conclusion, axitinib showed promising efficacy and safety profile in first-line treatment in both patients with DTC and MTC histologies. However the efficacy of axitinib significantly decreases in second and successive lines after progression to prior systemic therapy with MKIs raising the hypothesis of anti-angiogenic crossresistance in thyroid cancer setting. Our clinical observation warrants careful consideration of the next steps in the treatment of patients with advanced thyroid cancer. Currently, many clinical trials are assessing the efficacy of different MKIs after progression to approved drugs in both histologies (sorafenib and lenvatinib for DTC and vandetanib and cabozantinib for MTC), both as monotherapy and in combination with other targeted agents (24) . The correct design of these clinical trials will help define the successful sequential treatment schedules for these patients and minimize the exposure to inactive drugs in more advanced stages where life expectancy is significantly reduced.
